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To characterize rod and cone distribution and composition in two diurnal mouse-like rodents, retinas from adult Arvicanthis ansorgei
and Lemniscomys barbarus were processed for immunohistochemistry using multiple rod- and cone-speciﬁc antibodies. Antibodies tested
included rhodopsin, cone opsins, pan-arrestin and cone arrestin, recoverin, and cGMP dependent ion channel. In both species, retinas
were composed of approximately 33% cones, and most antibodies gave similar staining patterns. Data show these two diurnal rodents
possess large numbers of cones, organised in a strict anatomical array. This suggests that diurnal rodents in general possess elevated cone
numbers and could constitute valuable models for investigating cone pathophysiology.
 2007 Elsevier Ltd. All rights reserved.
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Retinal photoreceptors (PR) are formed of two distinct
cell types, rods and cones. Whereas rods are exquisitely
light sensitive (Cicerone, 1976; Rodieck & Rushton, 1976)
and are operational under dim light environments, cones
require relatively high light levels to activate them, and
are hence functional in daylight (Sugita & Tasaki, 1988).
They are responsible for colour discrimination and visual
acuity, and are of utmost importance in human eyesight.
The progressive loss of cone PR represents the major
source of visual handicap in a variety of retinal patholo-
gies, including Retinitis Pigmentosa and age-related macu-
lar degeneration (AMD) (Adler, Curcio, Hicks, Price, &
Wong, 1999; Bhatti, 2006; Curcio, Medeiros, & Millican,0042-6989/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2007.08.011
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E-mail address: photoreceptor67@hotmail.com (D. Hicks).1996). The factors inﬂuencing cone survival are unknown,
although we have identiﬁed a diﬀusible factor produced by
rod PR which may be critical for cones (Le´veillard et al.,
2004). One simple reason which has hindered research on
cone pathophysiology is the lack of a mammalian model
permitting their scrutiny under controlled experimental
conditions. Conventional rodents (i.e. laboratory rats and
mice) are derived from nocturnal species and have few
cones [(<3% of total PR for mice (Jeon, Strettoi, & Mas-
land, 1998), <1% total PR for rats (Szel & Rohlich,
1992)], whereas animals possessing cone-rich retinas [e.g.
ground squirrels (approximately 90% cones) (Kriger,
Galli-Resta, Jacobs, & Reese, 1998), chickens (approxi-
mately 65% cones) (Blanks & Johnson, 1984) and pigs
(15–20% cones) (Hendrickson & Hicks, 2002)] exhibit var-
ious diﬃculties for experimentation, utilisation of pre-exist-
ing antibodies or databank sequences, or routine
maintenance. Cone-rich transgenic mouse models have
become available since a short while (Mears et al., 2001),
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(although recent data shows they display typical cone fea-
tures by a wide range of structural and functional criteria:
(Pugh, Baehr, & Zrenner, 2005). We recently described
that a diurnal species of rodent, the Soudanian Unstriped
Grass Rat (Arvicanthis ansorgei), in keeping with its day-
light activity possesses 33% cone PR (Bobu, Craft,
Masson-Pe´vet, & Hicks, 2006). We proposed that this
species could represent a useful addition to available ani-
mal models.
Our laboratory is interested in the molecular mecha-
nisms that underlie rhythmic behaviour, including diurnal-
ity and nocturnality (Dardente et al., 2004; Mendoza,
Revel, Pe´vet, & Challet, 2007; Tournier, Dardente, Vuillez,
Pe´vet, & Challet, 2007). We recently began examining the
behaviour patterns of another diurnal murid, the Striped
Desert Mouse Lemniscomys barbarus. Here we have com-
pared its retinal organisation to that of Arvicanthis to see
whether another species exhibiting daylight locomotor
activity may also possess large cone numbers.2. Materials and methods
2.1. Animals
This study was conducted using Soudanian Unstriped Grass Rats Arv-
icanthis ansorgei, raised in our animal facilities from individuals captured
in southern Mali in 1998. Since this time, the colony has been maintained
on a 12:12 light-dark (LD) cycle with an ambient temperature of
22 ± 1 C. Experiments were performed on young adults (5–7 months).
The animals were supplied ad libitum with water and standard rat chow.
Animal treatment and experimentation adhered to the guidelines set out
in the ARVO Statement for the Use of Animals in Ophthalmic and Vision
Research. For the striped mouse Lemniscomys barbarus, animals were
trapped in the region of Te´touan (northern Morocco) throughout the sum-
mer months, using custom made traps specially designed to cause no harm
or trauma to animals. Traps were baited with fresh food early in the morn-
ing and checked at the end of the day. A total of eleven striped mice wereTable 1
List of antibodies used in present study
Antibody Antigen
RHO 1D4 RHODOPSIN C TERMINAL
RHO 3A6 RHODOPSIN N TERMINAL
RHO 4B4 RHODOPSIN LOOP
RHO 4D2 RHODOPSIN N TERMINAL
PER 3B6 Rds/PERIPHERIN
PM 1D1 BOVINE cGMP GATED CHANNEL a
SUBUNIT
ROD TRANSDUCIN G a t1
CONE TRANSDUCIN G a t2
SW CONE OPSIN MOUSE SW CONE OPSIN PEPTIDE
MW CONE OPSIN MOUSE MW CONE OPSIN PEPTIDE
CONE ARRESTIN MOUSE CONE ARRESTIN PEPTIDE
PAN ARRESTIN BOVINE ARRESTIN TOTAL PROTEIN
RECOVERIN HUMAN RECOVERIN
BMP4 BMP4 PEPTIDE
L1 HUMAN L1 PEPTIDE
RET P3 RAT RETINAL HOMOGENATE
11GA10 RABBIT OLFACTORY BULB
Abbreviations: CB, cell bodies; MAB, monoclonal antibodies; OS, outer segmcaptured, and were then housed singly in transparent cages in the labora-
tory. They were kept in animal facility rooms, under controlled square
photoperiod (12L/12D, 200–300 lux during light phase, <5 lux during
the dark phase). Ambient temperature was 23 ± 3 C, and water and food
were supplied ad libitum. Male animals were used in a behavioural study
(manuscript in preparation), and subsequent to all physiological experi-
ments, animals were humanely sacriﬁced for the present study.2.2. Histology and retinal immunohistochemistry
For histological examination of retina by light microscopy, eyes were
removed from euthanized animals, and ﬁxed in 4% paraformaldehyde in
0.1 M phosphate buﬀer saline (PBS) (pH 7.4) for 12 h. Eyes were pro-
cessed for conventional frozen sectioning by cryostat, 10 lm thick sections
were prepared and stored at 20 C till ready for use. The sections were
permeabilized with Triton X-100 (0.1% in PBS for 5 min) and then satu-
rated with PBS containing 0.1% BSA , 0.1% Tween 20 and 0.1% sodium
azide (buﬀer A) for 30 min. Sections were incubated overnight at 4 C with
the following primary antibodies diluted in buﬀer A. Descriptions and
details of the antibodies used are given in Table 1. Anti-rhodopsin anti-
bodies (rho-1D4, -3A6, 4D2 and 4B4), anti-rat rds/peripherin (clone
3B6) and anti-mouse a sub-unit of cGMP-gated channel were all gifts of
Dr. R.S. Molday, Univ. British Columbia, Vancouver, Canada) (Hicks
& Barnstable, 1987; Hicks & Molday, 1986; Molday, Cook, Kaupp, &
Molday, 1990; Molday, Hicks, & Molday, 1987); polyclonal anti-mouse
mid-wavelength (MW)- and short wavelength (SW)-cone opsins, and poly-
clonal anti-mouse cone arrestin were gifts of Dr. C. Craft, Doheny Eye
Inst., University of California Los Angeles, USA) (Zhu et al., 2002,
2003); polyclonal anti-recoverin was a gift of Dr. A. Dizhoor, Case
Reserve University, USA (Dizhoor et al., 1991); polyclonal anti-bovine
pan-arrestin was a gift of Dr. I. Gery, NIH, Bethesda, USA (Whitcup, Vis-
tica, Milam, Nussenblatt, & Gery, 1998); monoclonal RET-P3 (retinal
antigen unidentiﬁed) was a gift of Dr. C.J. Barnstable, University of Penn-
sylvania, Hershey, USA) (Barnstable, 1980); monoclonal anti-human L1
was from Transduction Laboratories (retinal antigen unidentiﬁed); mono-
clonal anti-bone morphogenetic protein 4 (Bmp4) (Mathura et al., 2000;
Trousse, Esteve, & Bovolenta, 2001; Yu et al., 2004); polyclonal anti-
rod transducin a sub-unit and anti-cone transducin a sub-unit were all
from Santa Cruz Biotechnology (3H2.3, K20 and I20, respectively); and
monoclonal anti-rabbit olfactory bulb protein (clone 115A10) was a gift
of Dr. Fujita, Japan) (Onoda & Fujita, 1987). Secondary antibody incuba-
tion was performed at room temperature for 2 h with Alexa (488 or 594)Type Known distribution Reference
MAB IgG RODS Hicks and Barnstable (1987)
MAB IgG RODS Hicks and Barnstable (1987)
MAB IgG RODS Hicks and Barnstable (1987)
MAB IgG RODS Hicks and Molday (1986)
MAB IgG ROD/CONE OS Molday et al. (1987)
MAB IgG ROD OS Molday et al. (1990)
RABBIT PAB RODS —
RABBIT PAB RODS —
RABBIT PAB SW CONE OS Zhu et al. (2003)
RABBIT PAB MW CONE OS Zhu et al. (2003)
RABBIT PAB CONES Zhu et al. (2002)
RABBIT PAB RODS/CONES Whitcup et al. (1998)
RABBIT PAB RODS/CONES Dizhoor et al. (1991)
MAB IgG RODS Yu et al. (2004)
MAB IgG RODS —
MAB IgG ROD CB Barnstable (1980)
MAB IgG BIPOLAR CELLS Onoda and Fujita (1987)
ents; PAB, polyclonal antibodies.
426 C. Bobu et al. / Vision Research 48 (2008) 424–432goat anti-rabbit or anti-mouse IgG-conjugated antibodies (Molecular
Probes Inc., Eugene, OR, USA). Cell nuclei were stained with 4,6-di-
amino-phenylindolamine (DAPI) (Molecular Probes Inc.). Slides were
washed thoroughly, mounted in PBS/Glycerol (1:1) and observed using
a Nikon Optiphot 2 ﬂuorescence microscope (Nikon, Melville, NY,
USA) equipped with diﬀerential interference contrast optics. Images were
relayed by CCD camera video capture to a dedicated PC. Immunolabel-
ling studies were performed a minimum of three times for each antibody,
using at least four sections obtained from diﬀerent individuals. All exper-
iments gave similar results, and representative stainings are shown.
Wholemount immunolabelling of retinal fragments isolated from Lem-
niscomys eyes was also performed, using SW-cone opsin antibody. Frag-
ments were incubated in antibody solution at 4 C overnight with gentle
agitation, washed thoroughly and incubated with anti-rabbit IgG/
Alexa596 overnight prior to extensive rinsing and mounting.3. Results
The outer nuclear layer (ONL) structure and immuno-
staining with Rho-4D2 anti-rhodopsin, cone opsin and
cone arrestin antibodies has been published previously
for Arvicanthis retina (Bobu et al., 2006). The overall archi-Fig. 1. Immunostaining of sections of adult Lemniscomys barbarus retina with
optics, showing the outer nuclear layer (ONL) composed of 5–6 cell rows, con
seen on rod cell bodies (RCB) and outer segments (OS), but was absent from th
throughout the cone cell population, including the OS, cell body and especial
cone opsin was seen in numerous cone OS (E), whereas short-wavelength cone
ﬁelds from central (G) and peripheral (H) areas show a roughly 2- to 3-fold diﬀ
inner segments; OPL, outer plexiform layer; RPE, retinal pigmented epitheliutecture was very similar for Lemniscomys: the ONL was
composed of between ﬁve to six cell layers, cones forming
the two uppermost rows across the retina, and rods form-
ing the remaining three to four rows of PR, with no detect-
able regional diﬀerences. Antibody staining results were
also very similar for Lemniscomys retina (Fig. 1A and B):
Rho-4D2 stained intensely rod PR, especially the outer seg-
ments (OS) but also gave signiﬁcant labelling of cell body
plasma membranes, the vitreal-most four rows in the
ONL (Fig. 1C). Cone arrestin antibody revealed heavy
staining of the two scleral-most cell rows within the
ONL, ﬁlling entirely the cones from the tip of the OS down
to the synaptic pedicle (Fig. 1D). MW cone opsin was
restricted to OS across the retina (Fig. 1E), whereas SW
cone opsin was visible in only 5–10% cone OS (Fig. 1F).
Wholemount retinal immunolabelling revealed regional
diﬀerences in SW cone density, with a 2- to 3-fold diﬀerence
between central and peripheral zones (Fig. 1F and G).
We then screened three other anti-rhodopsin antibodies
in our possession, to compare the antigenicity in these tworod and cone antibodies. Retinal sections were viewed by Nomarski (A)
ﬁrmed by DAPI staining of nuclei (B). Binding of rho-4D2 antibody was
e scleral-most cell rows (cones, CCB). Cone arrestin immunolabel was seen
ly heavy staining of the synaptic pedicles (D). Binding of mid-wavelength
opsin was only seen in a small sub-set of cone OS (F). Wholemount retinal
erence in SW-cone density. Abbreviations: INL, inner plexiform layer; IS,
m. Scale bar = 20 lm.
Fig. 2. Immunostaining of sections of adult Arvicanthis ansorgei (upper row) and Lemniscomys barbarus (lower row) retina with rhodopsin antibodies.
DAPI staining of outer retina is shown in panels A and E. Whereas the rho-4D2 clone showed strong labelling of rod OS and RCB, rho-1D4 (C TERM:
binding to rhodopsin C terminal), rho-3A6 (N TERM: binding to rhodopsin N terminal) and rho-4B4 (LOOP: binding to rhodopsin intradiscal loop
domain) binding was restricted to rod OS (B–D). Similar results were obtained for L. barbarus (F and H), except for a lack of immunoreactivity with rho-
3A6 (G). Scale bar = 20 lm.
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experimental models. Arvicanthis retina showed OS-speciﬁc
labelling for all three clones (Fig. 2A–D), whereas Lemni-
scomys exhibited OS binding only for Rho-1D4 and Rho-
4B4, and no signal for Rho-3A6 (Fig. 2E–H).
Antibodies directed against selected phototransduction
proteins were next examined by immunohistochemical
methods. For two proteins involved in the activation steps
of phototransduction, antibody staining for cGMP-depen-
dent ion channel a sub-unit revealed rod OS-speciﬁc local-
ization for both species (Fig. 3A and D). As predicted, rod
transducin a sub-unit was seen in rod cell bodies and OS,
whereas cone transducin a sub-unit showed staining of
cone cell bodies and OS in Arvicanthis (Fig. 3B and C).
Staining of these two proteins in Lemniscomys was much
weaker, barely above background levels (not shown). For
two proteins involved in the de-activation steps, polyclonal
pan-arrestin and recoverin antibodies showed stainingthroughout the ONL (Fig. 4B, C, F and G), but more
strongly in rod PR, especially prominent in the cell bodies
positioned nearest to the outer plexiform layer (OPL) in
Lemniscomys (Fig. 4F and G). There was staining also of
cone cells, but intensity was much less than rods. Whereas
pan-arrestin and recoverin immunoreactivity were seen in
rod OS of Arvicanthis (Fig. 4B and C), this was much less
intense in Lemniscomys (Fig. 4F and G).
We also tested additional miscellaneous retinal antibod-
ies. Anti-Bmp4 binding was seen only within the OS
(Fig. 5A and F). Monoclonal peripherin antibody (3B6)
was negative for both species (Fig. 5B and G). L1 monoclo-
nal antibody showed speciﬁc staining of rod cell bodies in
both species, whereas additional staining of OS was seen
only in Arvicanthis, (the retinal antigen is currently
unknown but represents a small cytoplasmic protein:
unpublished data) (Fig. 5C and H). Another PR-speciﬁc
antibody for which the antigen has not been identiﬁed,
Fig. 3. Immunostaining of sections of adult Arvicanthis ansorgei (A–C) and Lemniscomys barbarus (D) retina with rod and cone phototransduction
antibodies. Incubation of sections with anti-cGMP-gated ion channel sub-unit (cGMP IC) gave speciﬁc rod OS staining in both species (A and D).
Incubation with anti-rod transducin a sub-unit (Gat1) revealed strong binding to rod OS and rod cell bodies (notice the dark band corresponding to
absence of binding to cone cell bodies—arrow) (B). Incubation with anti-cone transducin a sub-unit (Gat2) revealed strong staining of cone OS and cone
cell bodies (C). Scale bar = 20 lm for panels (A and D), 7 lm for panels (B and C). CCB, cone cell bodies; RCB, rod cell bodies; other abbreviations as in
Fig. 1.
428 C. Bobu et al. / Vision Research 48 (2008) 424–432RET-P3, showed speciﬁc labelling of rod cell body plasma
membranes (Fig. 5D and I). Finally, we examined the
staining pattern of a non-PR antibody, a bipolar cell mar-
ker. Staining was intense within a subset of cells in the
inner nuclear layer, and particularly strong throughout
the inner plexiform layer (Fig. 5E and J).
4. Discussion
The current study was designed to answer two main
questions: 1. do diurnal rodent species in addition to the
Soudanian Unstriped Grass Rat also exhibit cone-rich ret-
inal structures? And 2. Can these exotic species be investi-
gated using the standard available immunological probes?
The answers to both questions are yes, and leave open
the possibility that such species may represent interesting
avenues for vision research.
Contemporary mammalian species generally exhibit
rod-dominated retinas (Peichl, 2005), thought to be a con-
sequence of their evolutionary history: it is speculated that
early mammals adopted a nocturnal lifestyle to avoid pre-
dation by the dominant dinosaurs (Carroll, 1988; Currie &
Padian, 1997), and that this adaptation led to the loss of
certain visual functions: extra-retinal light sensitivity (Con-
tin, Verra, & Guido, 2006), a second melanopsin gene
(Bellingham et al., 2006) and many cone PR (Bowmaker,
1998). Nocturnal species such as many species of mice
and rats possess very low numbers of cones (Jeon et al.,
1998; Szel & Rohlich, 1992), relying on rod-dependent
monochromatic vision in low ambient light levels. But even
many diurnally active mammals still retain these ancestral
features, including humans which have 20-fold more rods
than cones. Despite their low numbers, useful human
vision is very largely aﬀorded by cones, organised into acentral macula located on the optic axis and permitting
high acuity, chromatic eyesight (Curcio et al., 1991;
Nathans, 1999; Roorda & Williams, 1999). The major
visual handicap encountered in hereditary blindness occurs
through loss of cones, even though these cells are often not
the site of the genetic lesion. Macular dystrophies such as
Stargardt’s Disease are dominated by severe macular
degeneration, with often little structural or functional dam-
age to surrounding rods (Cibis, Morey, & Harris, 1980;
Zhang, Nguyen, Crandall, & Donoso, 1995). Age-related
macular degeneration (AMD) aﬀects a very signiﬁcant per-
centage of the elderly, and constitutes the largest threat to
vision-related public health in the industrialized world
(Gehrs, Anderson, Johnson, & Hageman, 2006). This last
quarter of a century, cellular and molecular mechanisms
underlying rod cell degeneration in a wide range of blind-
ing diseases, and potential avenues of therapeutic neuro-
protection or gene replacement, have been described
(Bennett, 2000; Faktorovich, Steinberg, Yasumura, Mat-
thes, & La Vail, 1990; Humphries, Farrar, Kenna, &
McWilliam, 1990; Travis, Golczak, Moise, & Palczewski,
2007). But our knowledge of similar mechanisms mediating
cone degeneration or protection is very limited. We
recently described a trophic factor synthesized in rods
which exerts beneﬁcial eﬀects on cones (Le´veillard et al.,
2004), but the mechanism by which this eﬀect occurs is cur-
rently unknown. Mutations in the ATPbinding cassette ret-
inal protein (ABCR) gene are responsible for Stargardt’s
Disease (Allikmets et al., 1997; Papaioannou et al., 2000;
Rozet et al., 1999), but it is not understood how these
mutations lead to such clinically speciﬁc lesions in the mac-
ula, since ABCR is expressed in all PR where it drives
reduction of all-trans retinal to retinol. Mutations lead to
no or decreased function in this enzyme, resulting in
Fig. 4. Immunostaining of sections of adult Arvicanthis ansorgei (upper
row) and Lemniscomys barbarus (lower row) retina with rod and cone
phototransduction antibodies. DAPI staining of outer retina is shown in
panels (A and D). Sections were incubated with antibodies against pan-
arrestin (pARR: B and E), and recoverin (REC: C and F). In all cases,
Arvicanthis retina showed staining of the entire ONL and OS but with
much more intense labelling of the rods. In the exposures depicted, cones
do not exhibit antibody binding, and are seen as dark bands against a
ﬂuorescent background (arrows). Lemniscomys immunostaining was
qualitatively diﬀerent, with little binding to the OS and a noticeable
gradient within the ONL, with greatest binding closest to the OPL. Scale
bar = 20 lm. Abbreviations as in Fig. 1.
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thelium (RPE) (Mata, Weng, & Travis, 2000). The bio-
chemical pathways underlying genesis of these lipids is
quite well understood in rod PR (Sparrow & Boulton,
2005), but it is currently unknown how such adducts may
form in cone PR, or why cones should be so vulnerable
to RPE malfunction. Several transgenic mice models exist
for AMD, including mcd/mcd mice (Rakoczy et al.,
2002), ccl2 / and ccr2 / mice (Ambati et al.,
2003a; Kuziel et al., 1997; Lu et al., 1998), apoE allele
and dietary modiﬁcation (Malek et al., 2005), and
ELOVL4 (Karan et al., 2005) (reviewed in Ambati, Ambati,
Yoo, Ianchulev, & Adamis, 2003b; Rakoczy, Yu,Nusinowitz, Chang, & Heckenlively, 2006). These models
manifest diﬀerent salient features of AMD, but none of
them recapitulate the entire spectrum of pathological
changes seen in AMD. It is possible that rods actually
die prior to cones even in macula diseases such as AMD
(Jackson, Owsley, & Curcio, 2002), or that the special
structure of Bruch’s membrane at the level of the macula
somehow sensitizes this region to metabolic stress (Chong
et al., 2005).
Our line of reasoning is that new animal models are
required to facilitate research into cone pathophysiology,
and that these models must combine anatomical and phys-
iological characteristics with the advantages of small
rodent experimentation and genetics. The diurnal murid
genus Arvicanthis possesses 10-fold high numbers of cones
than laboratory mice, and can be bred successfully in cap-
tivity (Bobu et al., 2006). We showed previously the cones
could be conveniently stained with antibodies raised
against murine peptide sequences, but we had relatively
limited data concerning their cross-reactivity to other PR
antibodies. The present study has extended this knowledge
to several additional proteins involved in phototransduc-
tion, namely arrestin, recoverin and cGMP-gated channel.
The immunolocalization of these proteins is as expected:
both arrestin and recoverin are expressed within PR cell
bodies and OS, whereas cGMP-gated channel protein is
conﬁned to the OS. Rod PR closest to the OPL seem to
express higher levels of immunoreactivity than more scler-
ally positioned ones, especially in Lemniscomys (see Fig. 4).
This is also seen in rat retina (data not shown), and with
other antibodies (rhodopsin), suggesting that rods proxi-
mal to the OPL possess generally higher levels of photo-
transduction proteins. Pan-arrestin and recoverin antisera
did label cone PR too, but this staining was much weaker
than in rods. So even though these proteins seem to func-
tion in both PR types, their expression is preferentially in
rods. The peripherin monoclonal antibody 3B6 does not
label either species, corresponding with its known lack of
cross-reactivity with mouse sequences. There were some
diﬀerences in immunostaining between the two rodent spe-
cies, notably Lemniscomys did not bind rho-3A6, and
showed only faint staining for arrestin, recoverin and L1
antigen within the OS. The epitope recognised by 3A6
monoclonal is not widely shared among species, showing
relative speciﬁcity for rat rhodopsin, and indicates that
Arvicanthis is more closely related to the Rattus genus than
is Lemniscomys. The reduced OS staining in Lemniscomys
is possibly related more to diﬀerences in tissue ﬁxation than
in genuine species variation, since the eyeballs remained
longer in ﬁxative. Previous studies using gene proﬁling
techniques to compare rod- and cone-rich retinas indicated
Bmp4 was preferentially expressed in the rod system; the
immunostaining data presented here support this idea,
since Bmp4 protein was only seen in rod OS.
We propose that the presence of large numbers of mor-
phologically and immunologically identiﬁable cones in diur-
nal species of rodents may be the norm rather than the
Fig. 5. Immunostaining of sections of adult Arvicanthis ansorgei (upper row) and Lemniscomys barbarus (lower row) retina with miscellaneous retinal
antibodies. BMP4 antibody binding was restricted to OS in both species (A and F); peripherin (Per1) antibody failed to label either species (B and G).
Sections were incubated with L1 and RET-P3 monoclonal antibodies, which speciﬁcally label RCB (C, D, G and I). A monoclonal antibody binding to
bipolar cells (11GA10) showed similar staining for both species, with intense labelling of the IPL and scattered cells in the INL and elements within the
ganglion cell layer (GCL) (D and H). Scale bar = 20 lm. Abbreviations as in Fig. 1.
430 C. Bobu et al. / Vision Research 48 (2008) 424–432exception. The high reproductive rate of these animals cou-
pled with a return to daylight activity probably has led to
the re-acquisition of signiﬁcant cone populations. Their
advantage compared to other known cone-rich diurnal
mammals, notably the ground squirrel, resides in the possi-
bility of rearing them under controlled laboratory condi-
tions, and their closer phylogenetic match to laboratory
mice and rats.We have successfully clonedmanyArvicanthis
homologues of circadian clock, neurotransmitter and visual
pigment genes, based on the closeness of match to murine
sequences. The presence of both rods and cones in their ret-
ina will greatly facilitate comparison of the two populations
in the face of stress and injury, and in their responses to pro-
spective neuroprotective treatments. For example, the cellu-
lar and molecular mechanisms underlying phototoxic
damage of rods has been quite extensively examined, provid-
ing knowledge on parameters such as light intensity, dura-
tion, spectral quality, circadian timing and genetic variants
(Beatrice, Wenzel, Reme´, & Grimm, 2003; Organisciak,Darrow,Barsalou,Kutty,&Wiggert, 2000;Wenzel,Grimm,
Samardzija, &Reme´, 2005;Wenzel et al., 2007). The data for
cones are very limited, and give conﬂicting results demon-
strating either increased (Cortina, Gordon, Lukiw,&Bazan,
2003) or decreased (Cicerone, 1976) vulnerability compared
to rods. We have utilised the clear separation of rods and
cones to demonstrate unequivocally the rod-speciﬁc expres-
sion of Bmp4 (Yu et al., 2004), and very recently Li and co-
workers have used the species as a model for rhodopsin
kinase transfection in vitro (ARVO). Our preliminary elec-
troretinographic measurements under scotopic and phot-
opic conditions conﬁrm a very robust cone component of
the visual response (Hicks, Bobu, Boudard, Acar, & Mas-
son-Pe´vet, 2007).
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